To determine comparability of methods, postural sway was measured simultaneously with a force platform and a device that registers head (and trunk) movements (head tracking). The effects of age, sex, height, weight, shoe area, and grip strength on both measurements were examined in 162 subjects. To determine whether either method had advantages in detecting abnormal balance 46 reference subjects were compared with 116 people randomly selected from 500 residents whose well water was contaminated with polychlorinated biphenyls (PCBs) and trichloroethylene (TCE) from a metal casting plant. Speed, mean radius, and distance of sway were equally reproducible with both methods. Correlation coefficients were 0-672 with the eyes closed and 0*588 with the eyes open. The balance of those exposed to PCBs and TCE was significantly worse than that of unexposed subjects by both head tracking (1.50 + 71 cmls v 127 + 0-36 cmls; p < 0.034) and the force platform (4.93 + 1*56 N (kg force) v 4-29 + 1-14 N; p < 0.013) with the eyes closed and differences were also significant with the eyes open. Head tracking and the force platform produced equivalent results. Measurement by head tracking is recommended for field studies because the device is more portable and is less influenced by weight and height. Both methods showed impaired balance associated with years of exposure to PCBs and TCE.
The objectives of this study were firstly to compare balance by two methods, force platform and head tracking, simultaneously in normal subjects to see whether there were differences and secondly, to extend this comparison to chemically exposed subjects. Thus the design examined the issues of methodological compatibility and also sensitivity to environmental exposures to polychlorinated biphenyls (PCBs), their contaminants, and thermal transformation products manifested by dizziness, lightheadedness, and loss of balance. Subjects in this study had used water wells heavily contaminated with PCBs and solvents including trichloroethylene (TCE). Their complaints led to us testing their balance compared with that of referent subjects from a nearby area with a force platform and a head tracking device simultaneously. Such exposures have been previously associated with neurological complaints such as peripheral sensory and motor nerve dysfunction, and impaired nerve conduction velocities. 1-3
In 1851 Romberg had subjects stand with their feet together and arms folded for his balance test. 4 Breaking stance in less than a minute defined failure, so the test was insensitive. Many investigators52 have described methods to quantify balance since Goldberg in 194313 and Bormann and Jalavisto in 1953'4 tracked head movements photographically. In the past decade force platforms have been accepted as a standard method but there has been no published comparison with head tracking. Some force platforms must be sunk into the floor'5 and seem unsuited for field or office use whereas, by contrast, the head tracking apparatus is handy, lightweight, and portable. '6 Before adopting this technique, we compared it with the force platform to answer several questions. Firstly, are head tracking and a force platform equivalent methods of measuring balance? Secondly, does the head move independently of the body axis? Thirdly, do the direction and velocity indices of balance or the influence of age, height, weight, and other independent variables differ in the two measurements? Methods A cohort comparison design was used with 62 women and 54 men in the exposed group and 27 women and 19 men as referents. The exposed participants were an age stratified random selection from over 500 symptomatic residents exposed to PCBs in hydraulic fluid traced to a metal casting plant in Colbert County, Alabama. They had lived within 2A4 km of this plant for at least four years between 1956 and 1981 and most of them lived there at the time of the study. The The reproducibility was within 2% of the greatest mass applied. The four unfiltered signals from each pair of gauges were integrated in the computer with software of our design. The head tracking module consists of two microphones mounted horizontally 36 cm apart on a tripod, which permits adjustment for the subject's height, and a sound emitter with a barely audible (4/s) click, which was secured by a headband behind the subject's ear. 16 Its sampling rate was 16 67/s; three times the expected frequency. The head tracking module was calibrated by moving the emitter along the boundaries of a 21-59 by 27-94 cm rectangle placed horizontally at the same height as a line connecting the midpoints of the microphones. The head tracking digitiser was connected directly without filtration to an IBM compatible computer. Repeatability was within 2%. The force modules were connected to an IBM compatible computer with a controller for the position tracking module and an eight channel, 16 bit analog to digital converter. Force and position plots did not interact (bias each other) so they were displayed simultaneously in real time on a split screen and all coordinate pairs were recorded.
Results are reported for head tracking as mean radius of sway, eyes open (ro) and eyes closed (rc), and mean speed of sway eyes open (so) and eyes closed (sc). Mean radius was defined as the average distance from the centre point of all positions sampled during 60 seconds and could be regarded as the average deviation from this hypothetical centre. A small "fT in front of each value identifies the rate of change measured by the force platform data (fro, etc). Units of measurement are cm for radius and cm/s for speed with head tracking and kg force or Newtons (N) for the platform.
Comparison of head-trunk tracking measurements on 10 subjects tested while standing on a level floor and referents, which reflects an urban and rural difference. Income had no statistically significant coefficients separate from age and educational level in regression models. No subject in either group had an alveolar air alcohol concentration above 0 03 ul/dl. Occupational exposure to 15 known or potentially neurotoxic chemicals had occurred in 83% of the referent group, more than the 69% in the exposed group obtained by questionnaire.'7 Subjects who shared exposure to single neurotoxicants made groups that were too small for separate analysis. Taken together they accounted for most of the cases, so they could not be eliminated from analysis. Because a greater proportion of the referent group had these exposures than did the exposed group, however, the overall effect would narrow the group differences. '7 Sex was not a determinant of sway speed or radius in regression models, nor did it affect group comparisons of exposed and control subjects by t test, so the sexes were analysed together. For a comparison of correlation coefficients mean values for three 30 second trials were averaged for each group.
Sway speed by tracking with the eyes open had a correlation coefficient (r) with the platform of 0x588 and with the eyes closed r was Linear models showed that height x weight increased head tracking sway speed and radius and accounted for more variance (adjusted r2) than did height or weight alone. There was a 10-fold to 20-fold greater effect of height x weight on force platform speed and radius (adjusted r2 0-22 to 0 25) compared with the corresponding tracking measurements (adjusted r' 0-019 to 0-025). Greater grip strength decreased sway speed and radius but these coefficients, although significant, were only 10% to 20% of the coefficients of height x weight. Furthermore, grip had significant coefficients for height (adjusted r' 0-3749) and height x weight (adjusted r2 0-1177). Shoe weight alone than is head tracking. Although this sensitivity would be of no consequence in comparing populations with the same weight distributions, it may be important for groups that differ and could bias results in longitudinal studies when weights of people vary. Grip strength was negatively correlated with sway speed and radius but this may be an artifact, as exposed women had significantly less grip strength than referents. Force platforms are influenced materially by body size.'5 1819 The head tracking method's independence of body size or weight may be an advantage, especially when a group's weights are not equally distributed or changed during the study. Age did not have a significant coefficient for balance in ambulatory subjects from ages 17 to 71, although it has been shown that balance deteriorates beyond 80 years of age." '4 Other variables such as overall distance, x and y axis distances, and acceleration can be derived from the multisample per second recordings of either head tracking or the force platform. These had no advantages in our comparisons.
During the past decade force platforms have been preferred with body (belt line) magnetic tracking used occasionally.6 Because none of the current devices is lightweight and easily adaptable for field studies we have shown that a head tracking device that is easily portable produces similar data. Both devices showed significant impairment of balance in a population exposed to PCBs, dibenzofurans, TCE, and other solvents, which also showed other neurophysiological and neuropsychological abnormalities. 17 The chemically exposed group had abnormally greater sway speeds and radii than referents, which were associated with four to 17 years of exposures to PCBs, dibenzofurans, and solvents including TCE from well water. Also, the metal casting operation may have added some airborne chemical exposure particularly to TCE. Presumably tricyclic polychlorinated aromatic compounds, including dibenzofurans and dibenzo-p-dioxins, contaminated the commercial grade PCBs and were transformed from PCBs as temperatures in metal casting reached the 270-620'C needed to create these products in the laboratory.20 21 Also, these compounds have been found after fires of transformers containing PCBs.22 Firefighters exposed to thermal transformation products of PCBs, who were studied in 1988, had abnormal sway radius and speed with the eyes open23 and, when compared with recent referent subjects, abnormal sway speed with the eyes closed as well. The present paper confirms previous findings of abnormal balance in subjects exposed to PCBs using two sensitive devices. These new findings supplement the evidence for reduced peripheral sensory and motor function and nerve conduction velocity.' 2
